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IN MEMORY OF DR. GREGORY LEPTOUKH

Greg Leptoukh passed away unexpectedly January 12, 2012 
of cardiac arrest at the age of 58. He was well-known for his 
leadership linking science and technology for data analysis, data 

discovery, and multi-sensor data fusion. As the 
Science Data Manager of the Goddard Earth Science 
Data and Information Services Center he led the 
development of the Giovanni data visualization and 
analysis system. This was a tremendous contribu-
tion to a simple intuitive user interface for analyzing 
fields of space-derived surface and atmospheric 
variables in the two LCLUC-supported international 
programs: Northern Eurasian Earth Science Part-
nership Initiative (NEESPI) and the Monsoon Asia 
Integrated Regional Study (MAIRS).

In the past five years, Dr. Leptoukh was Principal 
Investigator in two LCLUC projects as well as PI and 
Co-I of several other NASA projects, all directed 
at developing tools to support the advancement of 
earth science data access, fusion, online analysis and 
visualization of atmospheric data. Dr. Leptoukh was 
an active member of several organizations, including 
the Federation of Earth Science Information Partners, 
the GEWEX Aerosol Panel, and the Earth Science 
Data System Working Group.

The Earth and Space Science Informatics (ESSI) 
Focus Group of the American Geophysical Union 
(AGU) recently announced the establishment of the 
Leptoukh Lecture, honoring the life of Dr. Gregory G. 
Leptoukh. The Greg Leptoukh Lecture aims to iden-
tify and support achievements in the computational 
and data sciences. 

More on Greg Leptoukh’s life and legacy can be 
found on http://disc.sci.gsfc.nasa.gov/giovanni/
additional/newsletters/giovanni-news-newsletters/
giovanni_news_june_2012.
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INTRODUCTION TO THE PROGRAM
Focus: The LCLUC Program has a special place in NASA’s Earth Science program, 
because it focuses on developing interdisciplinary science with a high level of societal 
relevance. To address its research goals the program explicitly calls for the integration of 
physical and social or economic science. 

Goals and Background
 Land use change is the most immediate and obvious type of global change. The 
primary goal of the LCLUC program is to advance the study of Land-Cover and Land-Use 
Change by using NASA assets, as an integral part of understanding the connections within 
the Earth System. LCLUC is a global program addressing pressing land science questions 
around the world: global and continental satellite-derived data sets are developed through 
this program, and process and modeling studies are funded in various regions. Involvement 
of regional scientists in our research projects is strongly encouraged, both to strengthen the 
studies through the input of regional expertise and to enhance regional scientist’s access to 
NASA assets and policy-makers to benefit from NASA’s scientific results and data initiatives. 
Over the years, the LCLUC Program has contributed to NASA’s regional experiments and 
programs, such as the Large-scale Biosphere-Atmosphere experiment in Amazonia (LBA) and 
USAID’s Central Africa Regional Program for the Environment (CARPE). LCLUC has been 
instrumental in the development of a number of other international integrated regional science 
programs. In particular, the integrated projects of the LCLUC Program helped significantly 
with the early development and the current synthesis stage of the Northern Eurasia Earth 
Science Partnership Initiative (NEESPI) and the enhancement of the Monsoon Asia Integrated 
Research Study (MAIRS) Program and its expansion beyond China. At the interagency level, 
the LCLUC program is contributing to the new USGCRP focus on Vulnerability, Impacts and 
Adaptation. Over the years, partnerships have been developed with other U.S. agencies such 
as USGS, USFS, USDA and USAID. An example is provided by the Global Land Survey 
(GLS) partnership with USGS in developing global, orthorectified Landsat-based data sets 
for studying land cover and land use. This initiative involved participation of a number of 
Landsat ground receiving stations and ScanEX - a Russian ground station and data provider. 
A new partnership is being established with USGS, the European Space Agency (ESA) and 
the French Space Agency (CNES) to develop harmonized data processing from the next 
Landsat and Sentinel-2 missions. The program is also partnering with the USGS in sponsoring 
a National Academy of Sciences review of land-use modeling. The program management is 
interested in continuing to strengthen interagency and international collaboration on LCLUC 
data and research to further our understanding of land-cover and land-use change.

At the interagency level, the LCLUC program is contributing to the US Global Change 
Research Program focus on Vulnerability, Impacts and Adaptation. Over the years, partner-
ships have been developed with other U.S. agencies such as USGS, USFS, USDA and USAID. 
An example is provided by the Global Land Survey (GLS) partnership with USGS in develop-
ing global, orthorectified Landsat-based data sets for studying land cover and land use. This 
initiative involved participation of a number of Landsat ground receiving stations and ScanEX 
- a Russian ground station and data provider.   A new partnership is being established with 
USGS, the European Space Agency (ESA) and the French Space Agency (CNES) to develop 
harmonized data processing from the next Landsat Data Continuity Mission (LDCM) and 

Sentinel-2 missions. The program is also partnering with the USGS in sponsoring a National 
Academy of Sciences review of land-use modeling.   The program management is interested 
in continuing to strengthen interagency and international collaboration on LCLUC data and 
research to further the science of land-cover and land-use change. 

At the international level, the LCLUC program is aligned with the scientific goals of the 
IGBP/IHDP Global Land Project (GLP) and a number of contributory projects to this program 
are funded by LCLUC. The LCLUC program is a major supporter of the international Global 
Observation of Forest Cover – Global Observation of Landcover Dynamics (GOFC-GOLD) 
program, which is part of the Global Terrestrial Observing System (GTOS). In particular, 
LCLUC has benefited from and contributed to the GOFC-GOLD Regional Information 
Networks. The LCLUC Program also supports the Fire Project Office of GOFC-GOLD and is 
contributing to the Land Product Validation (LPV) Working Group of the Committee on Earth 
Observation Satellites (CEOS). More recently the LCLUC program has been contributing to 
the Group on Earth Observations (GEO) tasks on Land Cover and Agriculture.

LCLUC research is directed at answering the above questions and includes quantifying 
the location, extent and variability of change, the causes or forcing factors of change, for 
example, climatic, ecological and socioeconomic drivers, the processes of change and the 
responses and consequences of change. NASA LCLUC research projects use a combination of 
space observations, in situ measurements, process studies, socio-economic data and numerical 

KEY SCIENCE QUESTIONS
The LCLUC research program focuses on addressing the following key land-use 
science questions:
1. What changes are occurring in global land cover and land use, and what 

are the causes? (Forcing, Drivers)
2. Where are land-cover and land-use changing, what is the magnitude and 

extent of the change and over what time scale, and how do the changes 
vary from year to year? (Monitoring , Variability)

3. What are the impacts of climate variability and change on LCLUC and what 
is the potential feedback? (Impacts, Responses)

4. What are the consequences of changing land cover and land-use activities 
for ecosystems and how do they respond to and affect global environmen-
tal change? (Consequences and Responses)

5. What are the consequences of land-cover and land-use change for human 
societies and the sustainability of land-use systems? (Consequences, 
Sustainability)

6. What are the projected changes in land cover and their potential impacts? 
(Prediction)

7. How will land-use practices adapt to a changing climate and which land-
use systems are most vulnerable or resilient to climate and environmental 
change (Adaptation, Vulnerability and Resilience) 
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LCLUC SCIENCE COMPONENTS

modeling. As an interdisciplinary research program, LCLUC 
fosters strong partnerships between physical and social and/or 
economic scientists to develop the integrated science neces-
sary to understand why and how patterns of land use and land 
cover are changing, how they will change in the future and 
the implications of these changes. LCLUC research crosscuts 
several other research areas, e.g. climate change and variabil-
ity, water cycle, carbon cycle, ecosystems and biodiversity, 
and human contributions and responses to environmental 
change.

Variability
The current spatial pattern of land cover is a result of previ-
ous and current land use. Quantifying the location, extent 
and trends of recent land-cover and land-use change is an 
important component of land-change science. Satellite 
systems often provide the only means to inventory land cover 
and monitor land-cover change in a timely fashion globally 
or over large land areas. NASA has developed procedures for 
“wall-to-wall” mapping of land cover and spatially explicit 
monitoring of land-cover change. Systematic, consistent and 
long-term observations of land cover are essential to enable 
scientists to quantify the rates of change and their variability 

over time. Establishing consistent long-term data records of 
land cover is an important objective for the LCLUC Program. 
Land cover is one of the GCOS Essential Climate Variables 
(ECV’s).

Forcing
To understand land cover and land use change as an element 
of global change, and to make projections of how land cover 
will change in the future, it is important to understand the 
drivers of change. Understanding the fundamental drivers is 
also critical for better management of land use and its adverse 
impacts. These drivers, or forcing functions, include the local 
and proximate physical, socioeconomic and demographic 
causes of change, as well as the broader global and regional 
climatic or macroeconomic forces of change. Quantifying 
processes of land-use change is undertaken by combining 
in-situ measurements and ground surveys with satellite data. 
This is often done through regional or local case studies, 
which at a later stage can be integrated into a synthesis study, 
to provide a broader perspective.

Responses and Impacts
The impacts of land-use change can be biophysical and 
socioeconomic and they can be positive or negative. Changes 
in forest cover can affect carbon sources and sinks, local 
water resources and biodiversity through landscape fragmen-
tation. Changes in fire regimes can affect ecosystem structure, 
trace gas and aerosol emissions, water and air quality and 
human health. Overuse of marginal lands leads to degradation 
and impoverishment affecting human livelihood. Agricultural 
intensification through the use of fertilizers can improve crop 
production but may degrade water quality. Changes in land 
use can affect human health by changing insect habitat or 
disease vectors. Agricultural abandonment leads to changes 
in land cover, for example, by increasing woody vegetation 
and biodiversity. Urban expansion and suburban development 
can result in a loss of prime agricultural lands or wetlands. 
Changes in land use can affect local and regional climate and 
changes in regional climate can affect land use.

Prediction and Feedbacks
Modeling of land-use change provides a means to understand 
the consequences of different land management options and 
study the feedbacks. For example, coupled land-use and 
dynamic vegetation models are needed to understand the 
impacts of future land management on carbon budgets. Recent 

trends in land-use change and an understanding of the pro-
cesses of change provide a point of departure for predictive 
modeling. Spatially explicit modeling of land-use is needed to 
study scenarios of land change under different land-uses for 
a large number of science applications. There are a number 
of approaches for modeling land use that are currently being 
investigated, including statistical empirical models, cellular 
automata, agent-based modeling and integrated assessment. 
Better understanding of the impacts of future land-use change 
on climate and the impacts of climate change on land use are 
also needed.

Adaptation, Vulnerability and Resilience
Climate variability and change is affecting our weather 
patterns and our normal climate conditions. When these 
changes are sufficiently persistent or extreme then land-use 
practices will adapt to take advantage of these changes or 
to accommodate them. Changes in agricultural practices 
will need to maintain or increase productivity and economic 
viability. Practices which are at the margin of sustainability 
will be most affected and will likely be the most vulnerable 
to change. Land-use systems, which have developed under a 
highly variable climate, may prove to be the most resilient, 
until thresholds of viability or sustainability are met. Socie-
ties already food-insecure, may become more so, as drought 
frequency, and insects and disease vectors respond to a chang-
ing climate and land use practices. Economic development 
and globalization will also provide new demands on land and 
result in changes to traditional land-use systems.

Couched in the framework of NASA’s Earth Science re-
search paradigm of variability-forcing-response-consequenc-
es-prediction, LCLUC research includes the development of 
new algorithms, methods and techniques for characterizing, 
monitoring and modeling land-cover and land-use change and 
validating derived products. This is achieved by combining 
new methods and land-use models with remote sensing and 
Geographic Information Systems (GIS). The program benefits 
from NASA’s significant investment in the development of 
data management and analyses systems to handle the large 
volumes of data needed for global and regional monitoring 
and analysis. Global and regional data sets of land-cover 
characteristics, which have been developed within this 
program, support NASA’s modeling activities and provide the 
long-term data records needed to study trends.

This is a composite image of the North African Conti-
nent. A dust storm can be seen blowing off the coast of 
Morocco in the northwest corner. Image: MODIS band 
combination 1,4,3.
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LCLUC Science Team Meeting Spring 2012, Rockville Maryland

The LCLUC Science Team consists of Principal 
Investigators (PI’s) who are funded by the NASA 
LCLUC program directly or who are undertaking 
LCLUC research supported through other NASA 
thematic programs (e.g. Carbon Cycle, Water Cycle, 
Data and Information Systems, Applications and 
Instrument Teams). The LCLUC program convenes 
biannual Science Team Meetings (one general 
workshop in the D.C. metro area and one thematic 
workshop hosted by a regional partner, domestically 
or internationally), which provide an opportunity 
for PI’s to present their research findings, learn 
about new NASA national and international program 
developments, and to give feedback to the program 
management on future missions and program direc-
tion. These meetings provide an opportunity for 
networking and collaboration which has resulted in 
community led synthesis studies, thematic work-
shops, books, journal special editions and increased 
international collaboration. New investigators and 
graduate fellows are encouraged to attend and 
present posters at these meetings and participate 
in articles, thematic workshops, special editions and 
team proposals. When meetings are held in an inter-
national venue, there is also a series of outreach or 
capacity building efforts, such as training, for the 
benefit of local scientists and scholars.

SCIENCE TEAM
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LAND USE PROJECTS
Eastern European land cover and 
land use change after the collapse 
of the Soviet Union, and its effects 
on agriculture, biodiversity, carbon, 
and forestry

Project Principal Investigator: Volker C. Radeloff, 
(University of Wisconsin-Madison), 

Co-Investigators: Anna Pidgeon (University of Wiscon-
sin, Madison); Tobias Kuemmerle (Humboldt-Univer-
sität zu Berlin); Leonid Baskin (Russian Academy of 
Science); Daniel Muller ( Leibniz Institute of Agricul-
tural Development in Central and Eastern Europe)

Collaborator: Curtis E. Woodcock (Boston University) 
Associated authors: Patrick Hostert (Humboldt-
Universität zu Berlin), Mutlu Ozdogan (University of 
Wisconsin-Madison)

Major institutional changes occurred throughout Eastern 
Europe after the collapse of the Soviet Union in 1991, which 
resulted in substantial land cover and land use change. During 
post-World War II socialism, land use and management 
intensified, and most farmland was collectivized. The collapse 
of socialism reversed these trends, while agricultural sectors 
collapsed and farmland was mostly privatized or restituted. 
The key resulting land changes were widespread land aban-
donment, illegal logging in some areas, a decrease in legal 
logging in other areas, and urban sprawl. This study shows 
that agricultural abandonment was particularly prevalent: 
about one third of all pre-1990 farmland in Eastern Europe 
was abandoned, and in some area farmland abandonment 
rates after the collapse of socialism were as high as after the 
nuclear catastrophe in Chernobyl. These changes in the land-
scaope had broad environmental consequences. For example, 
the Ukrainian Carpathians have become a net carbon sink due 
to abandonment and forest succession, despite increased rates 
of logging. Abandoned farmland influenced wildlife habitat 

and wildlife populations. It was a strong predictor of European brown bear range expansion. Similarly, European bison habitat 
is now widespread in the region, especially in the Carpathians and in European Russia. Saiga antelope habitat changed as a 
massive decline in livestock grazing altered fire regimes, which in turn are affecting saiga habitat, highlighting the complex 
linkages between land use and wildlife. Finally, we found that protected areas were more effective in some regions (e.g. Euro-
pean Russia) but not in others (e.g., the Ukrainian and Romanian Carpathians). Just like the environmental effects, the land 
changes themselves were highly heterogeneous in space both among and within countries. Marked cross-border differences 
suggest that policies, economies and institutions were important drivers of land change. As such, formerly socialist Eastern 
Europe provides a unique natural experiment to study the effects of socioeconomic and institutional change on land cover, and 
hence the environment.

Patterns of farmland abandonment from 1990 to 2000 in the 
cross border areas of Poland, Lithuania, Latvia, Belarus, and 
Russia. Figure from Prishchepov, et al. 2012.

Predicted European Bison habitat availability based on 
habitat use of all current wild bison herds. Figure from 
Kuemmerle, et al. 2011.

References:
Prishchepov A. V., V.C Radeloff, M. Dubinin, C.Alcantara. 2012. The effect of Landsat ETM/ETM+ multi-seasonal image 
acquisition dates on detection of agricultural land abandonment in Eastern Europe Remote Sens. Environment 

Kuemmerle, T., Radeloff, V.C., Perzanowski, K., Kozlo, P., Sipko, T., Khoyetskyy, P.,Bashta, A.-T., Chikurova, E., 
Parnikoza, I., Baskin, L., Angelstam, P., Waller, D.M.,2011. Predicting potential European bison habitat across its former 
range. Ecological Applications 21, 830–843
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Interactive Changes of Ecosystems and Societies on the 
Mongolian Plateau:  From Coupled Regulations of Land Use 
and Changing Climate to Adaptation

Project Principal Investigator: Jiquan Chen (University of Toledo) 
Postdoctoral Researcher: Burkhard Wilske (University of Toledo) 
Graduate Student Researchers: Ranjeet John, and Nan Lu, (University of Toledo)

Associated authors: Ranjeet John, Changliang Shao, Ge Sun, Ochirbat Batkhishig, Yaoqi 
Zhang, Jiaguo Qi, Jingfeng Xiao, Steve McNulty, Dennis Ojima, Dechingungaa Dorjgotov, 
Burkhard Wilske, and Chuluun Togtokh

The objective of this study has been to examine and model the interactive changes of the inter-
action of natural and human systems across different temporal and spatial scales for managing 
and improving ecosystem viability and human adaptation to climate change and land use change 
on the Mongolian plateau. Specifically, we aim to understand how global climate and land-use 
change regulate both biophysical and socioeconomic dynamics by exploring the major underly-
ing processes and conducting a vulnerability analysis pertaining to Inner Mongolia, Mongolia, 
and and the Mongolian plateau. 

During the growing season, soil moisture was 47.5% lower and soil surface temperature 
was 7.4 °C higher at midday and 2.2°C lower at predawn, with a 4.2 °C greater diurnal soil 
temperature range at 2 cm depth in the heavily mowed plots compared to that in the un-mowed 
plots. Heavily mowing lowered 6% net radiation and 98 MJ m-2 available energy, but elevated 
2.1 times soil heat flux. Heavily mowed plots shared higher sensible heat flux, but similar latent 
heat flux. The absence of mowing might alleviate the stress of high temperature and drought 
during the hot and dry periods, leading to a high resistance of vegetation to environmental 
changes (Shao et al. 2012).

Publications:
John, R., et. al. 2012. Modeling gross primary production in semi-arid Inner Mongolia 
using MODIS imagery and eddy covariance data. International Journal of Remote Sensing 

Shao, C., et. al. 2012. Ecosystem responses to mowing manipulations in an arid Inner 
Mongolia steppe: an energy perspective. Journal of Arid Environment.

Qi ,J., et. al. 2012. Understanding the Coupled Natural and Human Systems in the Dryland 
East Asia Environmental Research Letters 7, 015202, doi:10.1088/1748-9326/7/1/015202.

The changes in livestock in Inner Mongolia and Mongolia appear 
to be directly affected by the changes of biophysical and socio-
economic conditions. The green and brown arrows represent the 
El Niño and La Niña years, respectively (Qi et al. 2012).
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Principal Investigator: Cristina Milesi (NASA Ames Research Center) 

Co-Investigator: Christopher Small (Columbia University) 

Associated Authors: Christopher Elvidge (NOAA National Geophysical Data Center), and 
Andrew Michaelis (NASA Ames Research Center)

Accurate representations of urban expansion are of interest to a large scientific, socio- eco-
nomic and policy-making community. Characterizing large-scale historical changes in urban 
spatial extent, however, remains a challenge due to the inherent complexity and variability of 
the urban environment. The problem is compounded by the lack of a single unambiguous defi-
nition of what distinguishes urban from non-urban. In this project we have been developing 
a consistent, scalable, physically-based methodology for characterization of urban expansion 
using Landsat observations. We use atmospherically corrected Landsat Global Land Survey 
(GLS) time series data in conjunction with DMSP/OLS nighttime lights, MODIS 500m land 
cover and high resolution imagery such as QuickBird and Worldview-2 to define a multi- tem-
poral spectral mixture method for mapping time series of urban settlements and their built-up 
and vegetated components at 30m resolution . We circumvent the persistent problem of incon-
sistent or arbitrary definitions of “urban” by categorizing distributions of measurable physical 
properties for different independent categorizations of urban extent (e.g. spectral heterogene-
ity, brightness and temporal consistency of emitted light, population density, etc.) as well as 
a representative sample of non-urban environments and then quantifying the variation in land 
cover properties for each independent spatial extent. The method is being tested and validated 
over North American settlements of a range of sizes and will be used to a) produce continental 
maps of physical properties for different categories of developed land cover for the nominal 
years 1990, 2000, 2005, and 2010, b) quantify the spatial extent of different land cover and 
their temporal changes for the period 1990 to 2010; and c) summarize how rates of urban 
expansion relate to changes in both physical properties and socio-economic metrics.

RGB composite of the high albedo (substrate), vegetation, and 
low albedo (water and dark surfaces) fractions for the epoch 2005 
obtained by spectrally unmixing a Landsat mosaic representing peak 
growing season over California. The inset highlights the process of 
urban expansion around Sacramento, CA between 1991 and 2006, 
with bright substrate (in red) being replaced by low albedo built-up 
surfaces (in shades of teal and magenta).

Mapping of Urban Expansion Using Multi-Decadal Landsat and 
Nightlights Data over North America
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Project Principal Investigator: Jianguo Liu, (Michigan 
State University)

Authors: Andrés Viña and Sandra Batie (Michigan 
State University), Zai Liang (State University of New 
York at Albany), Zhiyun Ouyang (Chinese Academy 
of Sciences)

Government policies shape human activities that 
drive land cover change. They can be broadly sorted 
into two categories: development and conservation 
policies. Development policies aim to improve human 
well-being, while conservation policies aim to protect 
and restore natural ecosystems. The interactive effects 
of development and conservation policies on land 
cover change are largely unclear because most stud-
ies have focused on each of these forces separately, 
although they often act simultaneously and may be 
complementary or counterproductive. This study aims 
to couple both categories in a single analysis. An ideal 
location to study these interactive effects is China, 
where this project is focused. Since the early 2000s the 
Chinese government has been implementing two of 
the largest conservation policies in the world: (1) The 
Natural Forest Conservation Program (NFCP), which 
bans logging in natural forests and provides cash for 
local residents to monitor the forests and prevent illegal 
forest harvesting; and (2) the Grain-to-Green Program 
(GTGP), which encourages farmers to return steep 
hillside cropland to forest by providing grain and tree 
seedlings. At the same time China is also pushing to 

escalate economic growth. Since the end of 2000, the Chinese govern-
ment has invested more than US$125 billion for development projects 
to attract businesses and migrants to Western China. The main goal 
of this research project has been to understand the interactive effects 
of conservation and development programs on the spatio-temporal 
dynamics of forests and the habitat of the endangered giant pandas 
throughout the Sichuan Giant Panda Sanctuary of the UNESCO 
World Heritage system.

Right: Shaded relief map of the study area (i.e., UNESCO Giant Panda 
Sanctuary). Overlaid is a true color MODIS image composite acquired in 
2005.

Time series of forest cover in the UNESCO Sichuan Giant Panda Sanctuary derived from Landsat Thematic Mapper 
imagery acquired on June 26, 1994, June 13, 2001, and September 18, 2007 (Path 130, Rows 38 – 39 of the Landsat’s 
Worldwide Reference System).

Interactive Effects of Conservation and Development Policies on Land 
Cover and Panda Habitat in the Sichuan Giant Panda Sanctuary (China)
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Assimilation of tower and satellite-based methane observations 
for improved estimation of methane fluxes over northern Eurasia

Principal Investigator: Dennis Lettenmaier (University of Washington)

Large uncertainties exist in estimates of lake and wetland methane emissions globally, due in part 
to the spatial and temporal heterogeneity of emissions rates and to the difficulty of measuring their 
contributing areas at large scales. In this project we use a hybrid bottom-up and top-down approach, 
involving a coupled land-atmosphere modeling framework and both in situ and remote sensing 
observations, to bracket the ranges of possible contributing areas and emissions rates from lakes and 
wetlands in West Siberia. Our modeling framework has consisted of the Variable Infiltration Capac-
ity (VIC) land surface model (extended to handle carbon cycling and wetland methane emissions), 
coupled to the National Institute for Environmental Studies atmospheric transport and chemistry 
(ACTM) model. Remote sensing observations include the passive microwave (AMSR-E) inundation 
product of Schroeder et al. (2010), active microwave (PALSAR) classifications of open water and 
saturated soil, and atmospheric methane concentrations from the AIRS satellite sensor. We employ 
a Bayesian statistical approach to assess and constrain the likely ranges of the areal extents of lakes, 
inundated wetlands, and saturated soil; and lake and wetland methane emissions rates. Our results 
suggest that lake areas and emissions per unit area exhibit much larger uncertainty than wetland 
areas and rates. Different lake areas and emission rates, relative to wetlands, result in markedly 
different spatial patterns of emissions across West Siberia. When these emissions are ingested by 
ACTM, the resulting spatial patterns of methane concentrations can be compared to AIRS retrievals 
to assess the likelihood of the different lake areas and emissions rates.

Preliminary results (figure 1) indicate that lake areas inferred from the AMSR inundation product 
of Schroeder et al. (2010) are much more likely than those given by the Global Lake and Wetland 
Database (GLWD); and lake emissions rates are likely at the high end of values reported in the 
literature (250-500 mg CH4/m2/day). Our best estimate of current total methane emissions over 
West Siberia is 12.1 Tg CH4/year, with a possible range between 7.4 and 15.5 Tg CH4/year. These 
emission rates are substantially higher than previous estimates, due primarily to the high lake emis-
sions rates. This also implies that the high lake emissions rates found by Walter et al. (2007) may 
be representative of lakes throughout the world’s boreal and arctic region. These findings are being 
prepared for publication in Bohn et al. (2012).
Portions of this work were performed at the Jet Propulsion Laboratory, Pasadena, CA.

References:
Bohn, T. J., et. al.  2012: Constraining lake methane emission rates in West Siberia (in preparation).

Schroeder, R., et. al. 2010: Satellite microwave remote sensing of North Eurasian inundation dynamics: 
development of coarse-resolution products and comparison with high-resolution synthetic aperture radar data, 
Environ. Res. Lett., 5(1), 015003, doi: 10.1088/1748-9326/5/1/015003.

Walter, K. M., et al. 2007: Methane bubbling from northern lakes: present and future contributions to the 
global methane budget, Phil. Trans. R. Soc. A, 365, 1657-1676, doi: 10.1098/rsta.2007.2036.

Three representative emissions scenarios, compared with AIRS 
satellite retrievals. (a) Scenario 1: GLWD lake areas and high lake 
emissions rates (500 mg CH4/m2/day). (b) Scenario 2: Passive-micro-
wave-based lake areas and high lake emissions rates (500 mg CH4/
m2/day). (c) Scenario 3: Passive-microwave-based lake areas and low 
lake emissions rates (10 mg CH4/m2/day). (d) June-August average 
zonal anomalies of AIRS [CH4], over the period 2003-2010. Circles in 
panels (b) and (d) denote areas of strong resemblance between emis-
sions scenario 2 and AIRS [CH4].
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Principal Investigator: Daniel G. Brown (University of 
Michigan)
Co-Investigators: Yichun Xie (Eastern Michigan 
University); Kathleen Bergen,  and Arun Agrawal 
(University of Michigan)
Associated Authors: Jun Wang (University of Michi-
gan), Yongfei Bai (Chinese Academy of Sciences)

Climatic variability and change in the Mongolian 
Plateau, along with dramatic changes in the economic 
and political situation in the region, have had profound 
effects on the well-being of the rural population. Our 
study has been investigating these changes, the choices 
the herder households are making in response to them, 
and the effects those choices are having on both their 

own well-being and that of the productive 
grasslands within which they live and upon 
which their livelihoods depend. We have 
been seeking to understand the spatial and 
temporal variability of grassland productivity 
at multiple scales, using Landsat, MODIS, 
and AVHRR data, as well as field-collected 
spectral and ecological information that we 
are using to evaluate the sensitivity of satel-
lite sensor parameters to grassland use and 
productivity measures. In parallel, we are 
collecting social data at multiple scales and 
in two countries, originally collected in two 
languages, and harmonizing those data sets to 
facilitate comparison of survey information on 
household level choices and aggregate popula-
tion and livestock statistics. We are using 
panel methods to examine the relationships 
between productivity and both the climatic and 
socioeconomic factors that affect it, identify-
ing trends in productivity and the variability 
of productivity, and using hierarchical linear 
models and structural equation models to 
assess how household adaptation behaviors are 
sensitive to the climatic, biophysical, social, 
and economic environments of households. 
Ultimately, in addition to improving our 
understanding of on-going adaptations to 
observable environmental variability, we 
hope to provide information that can be used 
in adopting policies and practices that can 
improve the adaptation responses of residents 
of the region.

Summary of NPP dynamics in the region from AVHRR:  (a) mean 
annual NPP (gCm-2year-1); (b) interannual variability in NPP (coef-
ficient of variation); (c) trends in NPP; and (d) overall trends for 
Mongolia and Inner Mongolia, China.

Grassland Ecosystems and Societal Adaptations Under Changing 
Grazing Intensity and Climate on the Mongolian Plateau

The study area straddles the national boundary between China and 
Mongolia and a steep ecological gradient from the dry southwest 
to the more temperate northeast.  Matched pairs of intensive study 
sites across the ecological gradient, defined by the boundaries 
of Landsat scenes, define locations for collection of household 
surveys and ecological samples.

Our team consists of a multidisciplinary and international team of 
faculty and students. We worked together to collect household surveys, 
field spectral information and ecological samples in the field through a 
series of nested and coordinated sampling protocols.
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Modeling Strategies for Adaptation 
to Coupled Climate and Land Use 
Change in the United States

Principal Investigator; Scott J. Goetz (Woods Hole 
Research Center)

Co-Investigators: Ramakrishna Nemani (NASA), 
David Theobald (Colorado State University), Forrest 
Melton (Foundation of California State University 
Monterey Bay), Cristina Milesi, Suhung Shen and 
Weile Wang (NASA Ames Research Center)
 
Collaborator: Pan Wang (Nanjing University)
Associated Authors: Patrick Jantz (Woods Hole 
Research Center), Ramakrishna Nemani (NASA 
Ames Research Center)

Urban land cover and associated impervious surface 
area are forecast to increase by 50% over the next 
few decades across substantial portions of the coter-
minous United States. The coupled effects of changes 
in climate, land use and land cover are expected to 
intensify impacts on ecosystems, including changes in 
vegetation productivity (see figure) and hydrological 
processes. The overall science goal of this project has 
been to model these processes by coupling climate and 
land use forecasts that are consistent with the IPCC 
Special Report on Emission Scenarios (SRES). 

Our research falls under three major categories: 
1)Spatial predictive modeling of land use change 
using the Spatially Explicit Regional Growth Model 
(SERGoM); 2) Terrestrial Observation and Prediction 
System (TOPS) simulations under climate change 
scenarios; and 3) TOPS predictions under land use 
change scenarios. Under the latter two topics we 

have produced simulations of (a) carbon exchange and productivity and (b) hydrological and energy fluxes. 
TOPS simulations to evaluate the impact of land use change on runoff and productivity were conducted using the 
BIOME-BGC model, which is a component model of TOPS. Finally, we are simulating the influence of potential 
mitigation and adaptation actions by predicting land use change scenarios that incorporate a range of best manage-
ment practices (BMPs) focused on mitigating the hydrologic impacts of impervious surfaces. Scenarios were 
generated by combining a range of BMP adoption rates with empirically derived estimates of BMP effectiveness. 
Results from the project will inform next generation regionally focused IPCC scenarios and provide estimates of 
the effectiveness of mitigation and adaptation efforts.

Average annual vegetation productivity in the Chesapeake Bay Region for baseline (2000) and fore-
cast (2030) climate and land use change scenarios, and the projected change in average annual gross 
production (kg C) over those 3 decades.
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China’s Urbanization and its Sustainability Under  
Future Climate Change

Principal Investigator: Peilei Fan (Michigan State University)

Co-Investigators:  Joseph Messina and Nathan Moore (Michigan State University), Jian-
jun Ge (Oklahoma State University), Peter Verburg (Wageningen University, Amsterdam)

Collaborator: William Salas (Applied Geosolutions, LLC)
Associated Authors: Wenze Yue, Xue Li and Huiqing Huang (Michigan State University) 

Driven by economic development and the relaxation of the urban migration restrictions, China has 
experienced rapid urbanization over the past three decades. We investigate the linkages between 
urbanization, LULCC and climate change in Chinese cities by using a case study approach in the 
cities of Shanghai and Urumqi (Figure 1). We simulate current and future land use change and deploy 
local-scale IPCC climate scenarios to better understand the implications of these changes for adapta-
tion. Our findings indicate that total urban built-up area almost tripled in Shanghai between 1995 and 
2000. Its Industrial land transformed from a hybrid mono-centric pattern to a specialized poly-centric 
pattern (Figure 2). We used the Conversion of Land Use and its Effects (CLUE) model to simulate 
land use change in Shanghai and Urumqi Urumqi scenarios were designed to reflect different priori-
ties for farmland preservation (Fig. 3). Simulated change for Shanghai indicates expansion along the 
northwest-southeast axis and around current core and satellite towns. 

Shanghai (View of Lujiazui Financial Center in Pudong from the 
Oriental Pearl Tower) and Urumqi (View of Urumqi from the Yamalike 
Mountain) Note: Photos taken in November 2011 (Shanghai) and May 
2010 (Urumqi)

Urumqi’s LULC simulation using Dyna-CLUE model Scenarios of “Balanced”, “farmland 
preservation” and “no restrictions” produce substantially different patterns of urban change.

Publications:
Fan, Peilei and Qi, Jiaguo. 2010. Assessing the sustainability of 
major cities in China. Sustainability Science Journal 5(1): 51-68. 

Qi, Jiaguo, Fan, Peilei, and Chen, Xi. 2012. The urban expansion 
and sustainability challenge of cities in China’s west: the case 
of Urumqi. In Igor Vojnovic (ed) Sustainability: A Global Urban 
Context. East Lansing, MI: Michigan State University Press. 
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LAND COVER MAPPING AND MONITORING PROJECTS

Biogeographic distribution of world’s mangrove is concentrated within ± 15 degrees 
latitude. Mangrove growth and diversity decreases with increase in Latitude.

Principal Investigator: Chandra Giri (U.S. Geological Survey, Earth Resources Observa-
tion and Science Center )

Associated Authors: 
Soe W. Myint ( Arizona State University); Larry Tieszen and Zhiliang Zhu (US Geologi-
cal Survey, Earth Resources Observation and Science Center); Eugene Ochieng and 
Ashbindu Singh (United Nations Environment Programme) and Norman Duke (Univer-
sity of Queensland, Brisbane)

Our scientific understanding of the extent and distribution of mangrove forests of the 

world is inadequate.  In this project we mapped the status and 
distributions of global mangroves using recently available Global 
Land Survey (GLS) data and data from the Landsat archive.We 
interpreted approximately 1,000 Landsat scenes using a hybrid 
supervised and unsupervised digital image classification tech-
niques. Each image was normalized for variation in solar angle 
and Earth-sun distance by converting the digital number values to 
the top of the atmosphere reflectance. Ground truth data and exist-
ing maps and databases were used to select training samples and 
also for iterative labeling. Results were validated using existing 
GIS data and published literature to map “true mangroves”. Our 
analysis revealed that the total area of mangroves in year 2000 
was 137,760 km2 in 118 countries and territories in the tropical 
and subtropical regions of the world. Approximately 75% of 
world’s mangroves are found in just 15 countries, and only ~6.9% 
are protected under the existing protected areas network (IUCN 
I-IV). Our study confirms earlier findings that the biogeographic 
distribution of mangroves is generally confined to the tropical 
and subtropical regions and the largest percentage of mangrove is 
found between 50N and 50S latitude. We report that the remaining 
mangrove forests of the world are less than previously thought. 
Our estimate is ~12.3% lower than the most recent estimate by the 
Food and Agriculture Organization (FAO) of the United Nations. 
We present the most comprehensive, globally consistent, and 
highest resolution (30 m) global mangrove database ever cre-
ated. We developed and used better mapping techniques and data 
sources and mapped mangroves with better spatial and thematic 
details compared to previous studies.

Tropical Mangrove Forests: Global Distributions and Dynamics 
(1990-2005)



14

Principal Investigator: David Skole (Michigan State University)

Associated authors: 
Eraldo Matricardi (University of Brasilia); Walter Chomentowski, 
Jay Samek and Michael Smalligan (Michigan State University) and  
Marcos Pedlowski (Federal University of Rio De Janiero)

This project has been focused on two general objectives: 1) developing 
the remote sensing measurement tools necessary to measure carbon 
stocks in tropical forests and agricultural landscapes for carbon moni-
toring and management, and 2) developing the data and information 
systems to deliver carbon measurements to support the international 
initiatives on educed emissions from deforestation and degradation, or 
REDD+. In the first objective we have been expanding the methods for 
deforestation measurement to include degradation of closed forests, 
open savannas and woodlands and trees in non-forested agricultural 
landscapes. Although significant work has been done developing 
methods to monitor closed forests, there has been very little done to 
measure woodlands or “trees outside of forests” which comprise a 
significant land base worldwide.This method involves the deployment 
of very high resolution imagery and object detection algorithms based 
on Geographic Object-Based Image Analysis (GEOBIA) model to 
map trees and develop crown based allometric equations. The second 
objective involves the construction of remote sensing based workflows 
to support the measurement reporting and verification systems (MRV) 
for carbon monitoring and reporting. These efforts build on the existing 
framework of the Tropical Rain Forest Information Center under a new 
program with supplemental funding from the Global Environmental 
Facility, the UN Environment Program and the World Wildlife Fund. 
This supplemental LCLUC program at Michigan State University is 
called the Carbon2Markets program. The extension of methods for 
deforestation assessment into new methods for monitoring degradation 
and sparse woodlands and trees outside of forests allows for a more 
comprehensive assessment of landscape carbon than one focused on 
closed forests alone.

Enhancing Global Scale Observations and 
Information on Tropical Forest Change Using 
Landsat Global Data Remote Sensing

The method for compiling large datasets of forest cover change is diagramed. The method is focused 
on both closed and open forest complexes, and an approach to mapping trees outside of forests. 

Using an object 
detection method in 
savannas and in agri-
cultural landscapes, 
very high resolution 
imagery from Quick-
Bird and WorldView 
satellites provides 
a way to measure 
carbon stocks in 
individual trees based 
on crown geometry 
allometric models.
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Principal Investigator: John Townshend, (University of Maryland, College Park)
Co-Investigator: Chengquan Huang (University of Maryland, College Park)
Co-Investigator: Jeffrey Masek (NASA-Goddard Space Flight Center)
Associated authors: 
Saurabh Channan, Joseph Sexton, Min Feng, Xiaopeng Song, Danxia Song, Do-
Hyung Kim, Praveen Noojipady and Kathrine Collins (University of Maryland, Col-
lege Park) and Eric Vermote (NASA-Goddard Space Flight Center)

 Changes in Earth’s forest cover impact the global carbon and water cycles, energy 
budget, and biodiversity, and are critical to understanding the socio-economic causes 
and consequences of land use change. Quantitative records of Earth’s forest cover and 
its changes have been mapped at various spatial and temporal scales, but no global 
products have been developed at sub-hectare spatial resolutions. 
 
The Global Forest Cover Change (GFCC) Project has been generating global forest 
cover change products from 1975 – 2005 using the Global Land Survey (GLS) Landsat 
datasets. Landsat-class resolutions are essential for land cover change detection because 
of the fine scale of many changes, especially those resulting from anthropogenic fac-
tors. This effort requires high levels of radiometric precision, as well as automation and 
machine learning.
 
Through the GFCC project, we have produced the first set of global Landsat surface 
reflectance (SR) prodcuts using the GLS datasets and a MODIS-like 6S atmospheric 
correction algorithm implemented in the LEDAPS system. These products are highly 
consistent with surface reflectance estimates from the MODIS instrument, which have 
been validated extensively, and therefore are of great value to the broader science com-
munity. They are freely available for download from the Global Land Cover Facility 
website (www.landcover.org). 

Publications:

Mapping Three Decades of Global Forest Cover Change Using 
the Global Land Survey Landsat Datasets

Preliminary global forest cover change map derived using the GLS 2000 and 
2005 datasets.

Landsat- and MODIS-based SR estimates are highly consistent at a collection 
of globally distributed sample locations.

 Feng M., Huang C., Channan S., Vermote E.F., Masek J.G. & Townshend J.R. (2012). An Approach for Systematic    Validation of Landsat Surface Reflectance Products using 
MODIS Data. Computers & Geosciences 38, 9-22. 
 Huang, C., Thomas, N., Goward, S.N., Masek, J., Zhu, Z., Townshend, J.R.G. & Vogelmann, J.E. (2010) Automated masking of cloud and cloud shadow for forest change analysis. 
International Journal of Remote Sensing 31, 5449-5464.
 Huang, C., Kim, S., Altstatt, A., Song, K., Townshend, J.R.G., Davis, P., Rodas, O., Yanosky, A., Clay, R., Tucker, C.J. & Musinsky, J. (2009). Assessment of Paraguay’s forest cover 



16

Authors: Matthew C. Hansen, Peter V. Potapov  (University of Maryland), and  Stephen V. Stehman 
(State University of New York, College of Environmental Science and Forestry)

Global scale assessments using remotely sensed datasets involve either exhaustive mapping or 
sample-based approaches. Whereas global mapping at the high spatial resolutions (<50 m) required 
to adequately quantify forest extent and change may soon be viable, previous efforts employed coarse 
spatial resolution data sets (>250 m. However, coarse resolution data lack sufficient spatial detail to 
provide reliable area estimates of forest extent and change. Probability-based sampling approaches that 
use high spatial resolution data have proven to be an effective alternative for quantifying forest extent 
and change over large areas. This project has employed multi-resolution MODIS and Landsat data to 
estimate global forest extent and gross forest cover loss (GFCL) from 2000 to 2005. The efficiency of 
our sampling design was achieved by taking advantage of data from the MODIS sensor to create an 
effective stratification for forest cover loss. The Landsat ETM+ sensor then provided the primary data 
for quantifying global GFCL from 2000 to 2005. The probability sampling design was implemented 
sequentially in four biomes: the humid tropics, boreal, dry tropics, and temperate. Estimates of forest 
area in 2000 and GFCL area for 2000–2005 were obtained for each biome separately. The sampling unit 
was an 18.5-km × 18.5-km block.  A stratified random sample of blocks was selected from each biome.
The sample size was sufficient to generate precise estimates of forest cover and GFCL at a continental 
scale and also at a national scale for those countries containing >1,000,000 km2 of forest cover. GFCL 
was estimated to be 1,011,000 km2 from 2000 to 2005, representing 3.1% (0.6% per year) of the year 
2000 estimated total forest area of 32,688,000 km2. The boreal biome experienced the largest area of 
GFCL, followed by the humid tropical, dry tropical and temperate biomes. GFCL expressed as the 
proportion of year 2000 forest cover was highest in the boreal biome and lowest in the humid tropics. 
Among continents, North America had the largest total area and largest proportion of year 2000 GFCL. 
At national scales, Brazil experienced the largest area of GFCL over the study period, 165,000 km2, 
followed by Canada at 160,000 km2. Of the countries with>1,000,000km2 of forest cover, the United 
States exhibited the greatest proportional GFCL and the Democratic Republic of Congo the least. 
Results illustrate a pervasive global GFCL dynamic. 

Estimated percent forest cover, 2000 (A) and percent gross 
forest cover loss (GFCL), 2000–2005 (B), both per sample 
block.

Publication:
Hansen,M, Stehmanb s, and Potapov P (2010) Quantification of 
global gross forest cover loss. PNAS 107: 19: 8650-8655

Quantification of Global Gross Forest Cover Loss
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Accuracy Assessment of Global 
Land Cover Products
Principal Investigator: Curtis E. Woodcock (Boston University) 

Associated Author: Stephen V. Stehman (State University of New York, 
Syracuse)

A number of land cover products, both global and regional, have been pro-
duced and more are forthcoming. Assessing their accuracy would be greatly 
facilitated by the existence of a global validation database of reference sites 
that allows for comparative assessments of uncertainty for multiple land 
cover maps. We propose a stratified random sampling design for collect-
ing reference data.The stratification implemented is based on climate/
vegetation data and population density, and is independent of any specific 
land cover map. A total of 21 strata have been defined and an initial global 
sample of 500 reference sites has been selected, with each site being a 5 x 
5 km block. The decision of how to allocate the samples was informed by 
examining the distribution of the sample area of land cover for two global 
land cover products. Because the global validation database should expand 
over time as new validation data are contributed, the sampling design was 
constructed so that it is easy to increase the sample size from a specific 
region (e.g., a continent or country) or from targeted land cover classes to 
improve standard errors of the accuracy estimates. 

We have collected high resolution imagery at around 0.5 m resolution 
for about half of the 500 reference sites. The imagery is currently being 
classified to produce reference maps according to a hierarchical legend with 
7 mandatory classes including Tree, Shrub and Herbaceous (which can be 
further defined if information is available). It is then possible to assess the 
accuracy and uncertainty of any land cover map by defining membership 
functions for the land cover map classes based on their definitions which 
allows for a comparison of the reference map and the land cover map.

DATASETS

500 reference samples on a strata map based on climate, vegetation and populations

UL: reference image for a 5 x 5 km sample block; UR: the corresponding reference map; LL: 
IGBP MODIS land cover product for the sample block in question; LR: as LL but for the 
GlobCover land cover product
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Principal Investigator: Xiangming Xiao (PI), University of Oklahoma

Associated authors: William Salas (Applied Geosolutions) Jiyuan Liu 
(Chinese Academy of Sciences) Ketut Wikantika, (Institute of Technology 
Bandung, Indonesia), Manzul Kumar Hazarika (Asian Institute of Technol-
ogy, Bangkok, Thailand) 

Land use and land cover changes in monsoon Asia, where approximately 
half of the world’s population lives, are very complex and dynamic. Frequent 
cloud covers in the region pose constrain on our capacity to map and monitor 
land use and land cover changes from optical sensors alone. This project 
combines both Landsat TM and ETM+ images with multi-temporal PALSAR 
(Phase-Array L-band Synthetic Aperture Radar) imagery. Its objective aims 
to develop land use and land cover products using semi-automated mapping 
algorithms that integrate Landsat (2004-2007) and PALSAR (2006-2008) 
images. Products were evaluated using in-situ observations and available 
high-resolution images (e.g., IKONOS). We have evaluated multiple data 
fusion techniques and developed a hierarchical decision tree framework that 
combines multiple remote sensing platforms (PALSAR, Landsat and MODIS) 
and multi-temporal observations to map paddy rice area, inundation, crop 
calendar, and cropping intensity (Torbick et al., 2011). The LULC products 
developed in this project are now being used to assess agriculture and food 
security, predict hot spots of highly pathogenic avian influenza (H5N1), and 
quantify greenhouse gas emissions from rice fields in the region.

Recent Publication:  
Torbick, N, Salas, W., Xiao, X., Ingraham, P, Fearon, M.G., Biradar, C., Zhao, 
D., Liu, Y., Li, P., and Zhao, Y., 2011, Integrating SAR and optical imagery 
for regional mapping of paddy rice attributes in the Poyang Lake watershed, 
China, Canadian Journal of Remote Sensing, 37(1): 17-26.

(a) A false color composite of multi-temporal PALSAR ScanSAR images (RGB – Day 241, 
149 and 103 in 2007; Wide Bean Single Polarization HH) and (b) resultant land cover map in 
Poyang Lake, Jiangxi Province, China. Paddy rice fields (red), wetland (black green) and urban 
(white).

The spatial distribution 
of geo-referenced field 
photos in India and Bang-
ladesh, as hosted in the 
Global Geo-Referenced 
Field Photo Library at the 
University of Oklahoma 
¬(http://www.eomf.
ou.edu/photos). We invite 
readers to share your 
field photos, show your 
footprints, and support 
monitoring of our Planet 
Earth.

Developing land cover classification products 
in monsoon Asia over the period of 2004-2007 
through integration of Landsat and multi-temporal 
ALOS/PALSAR imagery
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NASA/USGS Global Land Survey 

Principal Investigator: Jeffrey Masek, NASA Goddard Space Flight Center
Principal Investigator: Rachel Headley, U.S. Geological Survey-Earth 
Resources Observation and Science

Since the 1990’s NASA and the USGS have collaborated to develop the Global 
Land Survey data sets. These data comprise global collections of predominately 
cloud-free, orthorectified Landsat imagery acquired at peak greenness, and are 
designed to provide a baseline for assessing land cover and land cover change 
(Tucker et al., 2004; Gutman et al., 2008). Mapping epochs for the GLS data 
sets are centered on 1975, 1990, 2000, 2005, and 2010. These data sets sup-
port the goals outlined by IGOL, Global Observations of Forest Cover/Land 
Dynamics (GOFC/GOLD), and the Global Land Program (GLP) by providing 
high-quality observations for land cover and ecological characterization in a 
convenient and accessible format.

The GLS-2010 data set was released in early 2012, and includes cloud-free 
acquisitions from 2009-2011. Like the GLS-2005, the GLS-2010 includes both 
Landsat-5 and Landsat-7 imagery, with Landsat-7 imagery gap-filled using mul-
tiple images from within the growing season. In addition, data for small islands 
and reefs have been acquired with the EO-1 Advanced Land Imager (ALI). The 
GLS data have been used to characterize global changes in forest cover through 
the TREES-3 project of the European Commission Joint Research Centre, and 
form the basis for ongoing projects to characterize global vegetation dynamics 
and urbanization. GLS data sets may be obtained electronically or via bulk order 
from the USGS (glovis.usgs.gov) and from the University of Maryland Global 
Land Cover Facility (GLCF).

Publication:
Gutman G., R. Byrnes, J. Masek, S. Covington, C. Justice, S. Franks and R. 
Headley, 2008. Towards monitoring land cover and land use changes at a global 
scale: the Global Land Survey 2005. Photogrammetric Engineering and Remote 
Sensing, 74, 1, 6-10.
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Principal Investigator: Eric Brown de Colstoun, NASA Goddard Space Flight 
Center (NASA-GSFC)
Co-Investigator: Chengquan Huang, (University of Maryland, College Park)

Associated authors: James Tilton Bin Tan, and Robert Wolfe (NASA Goddard 
Space Flight Center) 

As we look to the not too distant future with a rapidly urbanizing planet, it is 
imperative to develop the tools with which we can accurately measure and 
monitor urban expansion and its characteristics. These are central to a better 
understanding of the impact and consequences of this change, the impacts and 
consequences of a changing climate on future cities and settlements, but also any 
potential adaptation and/or mitigation strategies for climate change that could be 
developed for the future.

The recent availability of NASA-funded, consistent, global scale data sets at 
30m resolution such as the Global Land Survey (GLS) from the Landsat satel-
lites provides an unprecedented opportunity to map global urbanization at this 
resolution for the first time, with unprecedented detail and accuracy. Moreover, 
the spatial resolution of Landsat is absolutely essential to accurately resolve urban 
targets such a buildings, roads and parking lots. In addition, the general avail-
ability, free-of-charge, of very high resolution commercial satellite data through 
the unclassified Web-based Access and Retrieval Portal (WARP) of the National 
Geospatial-Intelligence Agency (NGA, see Fig.1) makes it possible to develop 
1-4m training data for impervious, or built-up, cover that can be used to create and 
validate such a global product. 

We have acquired a data set of orthorectified, pan-sharpened satellite data 
from NGA (i.e. the so-called “Citysphere” data set, Fig. 1), covering 361 of the 
world’s major cities, and are mapping impervious cover on these data using 
state-of-the-art image segmentation algorithms. For each continental area we 
are producing training data sets by aggregating these results to the 30m Landsat 
resolution and then using these within regression tree machine learning algorithms 
to produce continental scale % impervious cover data sets. Our objectives are to 
1) use the Landsat GLS data set, processed to surface reflectance, to develop high 
quality, high spatial resolution, baseline measurements of global % impervious 
cover for the ca. 2000 and 2010 time periods, and 2) Compare % impervious 
cover for 2000 and 2010 to detect and map areas of significant changes due to 
urbanization (i.e. urbanization ‘hot-spots’) at the global scale.

Fig. 1. Distribution of “CitySphere” commercial satellite data sets shown on top of 
“Earth At Night” citylights data (http://visibleearth.nasa.gov). The CitySphere data 
are orthorectified, pan-sharpened, multispectral data from the Quickbird satellite, 
made available through the non-classified imagery archive of the National Geospa-
tial-Intelligence Agency (NGA). The data from 361 major world cities will be used 
for training and validating global 30m imperviousness products from Global Land 
Survey data.

Using Landsat Global Land Survey Data to Measure and Monitor Worldwide Urbanization
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Authors: Christopher Neigh (NASA Goddard Space Flight Center) and Jaime 
Nickeson (Sigma Space Corporation)

The National Geospatial-Intelligence Agency (NGA) contracted the U.S. commercial 
remote sensing companies GeoEye and DigitalGlobe to provide fine resolution 
satellite imagery to United States Department of Defense (DoD) agencies. Under the 
NextView contract terms, federal civil agencies, and those programs and projects that 
support government interests can also gain access to NGA’s global archive. Additional 
imagery not included in WARP can also be requested from the vendor archives under 
this agreement.  NGA’s online interface to access these data is called the Web-based 
Access and Retrieval Portal (WARP), and includes data from the IKONOS-2, 
GeoEye-1, QuickBird-2, WorldView-1 (WV-1), and WorldView-2 (WV-2) sensors. 
It should be noted that greater than one half of the NGA archive contains post 2007 
WV-1 (panchromatic) imagery due to WV-1’s on-board storage and downlink capac-
ity that supersedes any other U.S. commercial sensor. WARP, and NGA’s collection 
efforts, were developed primarily for DoD user needs and do not require scientific-

Fine Resolution Data for LCLUC Research

Examples of high resolution images: (a)Orbview 5 (1.64 meter resolution, multispectral) , (b) World View 1 (0.55 meters resolution, panchromatic) and World View 2 
(1.8 meter resolution, multispectral) 

(a) (c)(b)

©2010 DigitalGlobe NextView License©2010 DigitalGlobe NextView License ©2010 DigitalGlobe NextView License

quality multi-spectral surface reflectance data. The commercial imagery are thus 
comprised of raw at-sensor radiance and are not orthorectified.

In the past, access to these data has been prohibitive to researchers due to their 
cost. Recently, through this mechanism, NASA’s LCLUC investigators have started 
to evaluate the utility of sub-meter data for land use research and to develop tools for 
automated processing and analysis. The fine-resolution (sub-meter) data can be used 
to validate and calibrate moderate resolution land cover products (e.g. from Landsat) 
and to scale up field observations, but more than that, they provide unique informa-
tion to characterize land cover (e.g. forest/tree type, density and canopy dimensions, 
impervious surface type, permafrost extent), identify land use (e.g. arable land types, 
irrigated fields, logging, plantations, urban land types) and infrastructure (e.g. build-
ing types and density, transportation networks). These data provide considerable new 
possibilities for LCLUC research.

For more information go to http://cad4nasa.gsfc.nasa.gov or contact Jaime.
Nickeson@nasa.gov
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Principal Investigator: Gyanesh Chander (U.S. Geo-
logical Survey)

Associated authors: Dennis L. Helder (South Dakota 
State University) Thomas R. Loveland (USGS- Earth 
Resources Observation Systems), Brian L. Markham 
and, James R. Irons (NASA Goddard Space Flight 
Center), Gregory L. Stensaas (USGS- Earth Resources 
Observation Systems)

To monitor land surface processes over a wide range 
of temporal and spatial scales, it is critical to have 
coordinated observations of the Earth’s surface acquired 
from multiple spaceborne imaging sensors. However, 
an integrated global observation framework requires 
an understanding of how land surface processes are 
seen differently by various sensors. This is particularly 
true for sensors acquiring data in spectral bands whose 
relative spectral responses (RSR) are dissimilar and 
thus may produce different results while observing the 
same target. The goal of this study was to extend our 
theoretical and applied understanding of radiometric 
cross-calibration of multiple sensors in support of 
continued long-term studies of the Earth’s land surfaces. 
Particular emphasis was placed on the cross-calibration 
of the Landsat 7 (L7) Enhanced Thematic Mapper 
(ETM+), Terra Moderate Resolution Imaging Spec-
troradiometer (MODIS), and Indian Remote Sensing 
Satellite Payload (IRS-P6) Advanced Wide Field 
Sensor (AWiFS) sensors. First, the major focus was to 
rigorously perform the cross-calibration between the 

sensors using image statistics based on near-simultaneous observations of the two sensors. Regression curves 
and coefficients of determination for the measured top-of-atmosphere (TOA) reflectance trends were generated 
to quantify the uncertainty in these relationships and to provide an assessment of the calibration differences 
between these sensors. To facilitate this cross-calibration, prime candidate Earth targets were selected a tool set 
was developed, including coincident imaging and spectral simulation tools. Image-to-Image (I2I) accuracy and 
relative band-to-band (B2B) accuracy were measured. Secondly, the uncertainties inherent in the cross-calibration 
process were quantified. These included error sources such as differing spectral profiles, spatial and radiometric 
resolution differences, geometric registration, etc. The results from this sensitivity study provided a theoretical 
bound for sensor cross-calibration and presented a basis for the sensitivity of cross-calibration to these various 
factors. Lastly, the suitability of AWiFS sensor for land cover applications was evaluated. Overall, it was found 
that the AWiFS and Landsat TM/ETM+ imagery are comparable and in some ways complementary, particularly 
with respect to temporal repeat frequency. 

Comparison of L7 ETM+, Terra MODIS, and IRS-P6 AWiFS Relative Spectral Responses (RSR) along with the typical 
TOA reflectance profile for various land cover types derived using hyperspectral EO-1 Hyperion data.

INSTRUMENTS AND TECHNIQUES 

Cross-calibration of current Landsat sensors with foreign Landsat-class sensors for long-term monitoring of land 
surface processes
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Comparison of measured top-of-atmosphere (TOA) reflectance from near-simultaneous observations 
of large homogeneous region of interest (ROI) common to ETM+ and AWiFS sensors. Because of the 
calibration and spectral response differences between the two sensors, the measured TOA reflectance 
differences are within ~14.69% (Band 2); ~16.93% (Band 3); ~13.04% (Band 4); and 3.11% (Band 5) 
from the desired unity slope relationship.

Associated publications:

G. Chander, M. J. Coan, and P. L. Scara-
muzza, “Evaluation and comparison of the 
IRS-P6 and the Landsat sensors,” IEEE 
Transactions on Geoscience and Remote 
Sensing, vol. 46, no. 1, pp. 209-221, 2008.

 G. Chander, X. Xiong, A. Angal, T. Choi, 
and R. Malla, “Cross-comparison of the 
IRS-P6 AWiFS sensor with the L5 TM, 
L7 ETM+, & Terra MODIS sensors,” 
Proceedings of SPIE - The International 
Society for Optical Engineering, vol. 
7474, 2009.

 S. N. Goward, G. Chander, M. Pagnutti, 
A. Marx, R. Ryan, N. Thomas, and R. 
Tetrault, “Complementarity of Resourc-
eSat-1 AWiFS and Landsat TM/ETM+ 
Sensors,” IEEE Transactions in Geosci-
ence and Remote Sensing, Submitted.
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Satellite Image Automatic Mapper 
(SIAM™) Applications

Authors: Andrea Baraldi and Christopher Justice  
(University of Maryland, College Park), Luigi Boschetti 
(University of Idaho), and Roy David (South Dakota State 
University, Brookings)

The Satellite Image Automatic Mapper (SIAM™) is an 
innovative, automatic multi-sensor, multi-resolution Earth 
Observation classification system. SIAM™ is conceived as the 
preliminary classification stage of a novel two-stage stratified 
hierarchical Remote Sensing (RS) image understanding system  
architecture, shown in Fig. 1.
SIAM™ consists of a near real-time preliminary Spectral 
Rule-based Classifier (SRC); it is a decision-tree classifier, with 
rules defined using prior spectral knowledge of surface types 
observed from space. Its prior spectral knowledge base com-
prises a reference dictionary of spectral signatures, acquired 
from off-line data observations and/or existing literature. As 
input SIAM™ requires a multi-spectral RS image calibrated 
into top-of-atmosphere reflectance or - optionally - into surface 
reflectance. As output SIAM™ generates a set of preliminary 
classification maps at different levels (fine/ intermediate/ 
coarse) of semantic granularity.

These spectral classification maps, or primal sketches in the 
Marr sense, consist of a discrete set of mutually exclusive and 
totally exhaustive spectral-based semi-concepts, also called 
spectral categories. The SIAM™ spectral categories belong to 
six parent spectral categories or major spectral end members 
(see Figs. 2 and 3): 

Fig. 1. 3-stage RS image classification system: From 0-level sub-symbolic data to 1st-stage SIAM™ 
preliminary classification provided with a feedback loop and 2nd-stage high-level image understanding.
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Second-stage driven-by-knowledge classification (under development):
Traditional techniques (unsupervised data clustering, image segmentation, 

supervised  data learning classifiers) are employed here on a novel 
stratified (driven-by-knowledge)  context-sensitive basis!

First stage: operational automatic deductive prior knowledge-based SIAM™ provided 
with a feedback loop (vision goes symbolic at the pre-attentive  first stage!)

Increasing levels of symbolic information ==
Coarse-to-fine semantic granularity

Sub-symbolic  
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1. ‘Clouds’. 
2. ‘Either snow or ice’. 
3. ‘Either water or shadow’. 
4. ‘Vegetation’, equivalent to ‘either woody vegetation or 
              cropland or grassland (herbaceous vegetation) or shrub and brush) rangeland’. 
5. ‘Either bare soil or built-up’.
6. ‘Outliers’.
SIAM™ is an automatic (requiring neither user-defined parameters nor training data), efficient 
(it requires 5 min of computation time in a standard laptop to map a Landsat scene), accurate 
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(it has been extensively evaluated, comparing it to 
landcover maps and visually interpreted samples), 
scalable, robust to changes in the input data set (it 
is compatible in full remotely sensed data whose 
spectral resolution overlaps with Landsat) and 
low-cost, requiring no human supervision and little 
computation power to run. A major advantage over 
other classification systems it avoids the need for 
the development of extensive representative train-
ing data sets.
In the context of geographic object-based image 
analysis (GEOBIA), SIAM™ can be seen as an 
automatic multi-scale image segmentation algo-
rithm capable of detecting symbolic segments at 
different levels of generalization, using the spectral 
categories at three semantic granularities. 
This is an alternative approach to traditional semi-
automatic multi-scale sub-symbolic image segmen-
tation algorithms, such as those  implemented in  
commercial software products.
In operational contexts SIAM™ opens up new 
inter-disciplinary research opportunities, such as:. 
• Seamless integration of RS raster data with 
vector geospatial information traditionally managed 
by geographic information systems.
• Automatic multi-temporal land cover clas-
sification and land cover change detection.
• Integration of internet-based satellite map-
ping on demand with virtual Earth geo-browsers, 
such as Google Earth or NASA World Wind.
• Development of semantic querying systems 
of large-scale multi-source RS image databases.

Fig. 3(b) above. SIAM™ output map generated from 
Fig. 39a), consisting of 52 spectral categories. Adopted 
pseudo colors are the following. Green tones: vegetation 
and rangeland, Brown and grey color shades: barren land 
and built-up areas, Blue tones: water types, White and light 
blue: cloud types, etc.

Fig. 2. SIAM™ output map generated from MODIS 
Image acquired on Jan. 5, 2007, covering northern 
Africa and Italy, consisting of 72 spectral categories. 
Adopted pseudo colors are the following. Green 
tones: vegetation and rangeland, Brown and grey 
color shades: barren land and built-up areas, Blue 
tones: water types, White and light blue: cloud 
types, etc.

Fig. 3(a) above. Zoomed image extracted from Quick-
Bird-2 image of Campania, Italy (acquisition date: 
2004-13-06, 09:58 GMT), depicted in false colors (R: 
band CH3, G: band CH4, B: band CH1), 2.44m resolu-
tion, calibrated into TOA reflectance, pan-sharpened at 
0.61m resolution.
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Author: Jeffrey Masek, NASA Goddard Space Flight Center

The Landsat Data Continuity Mission (LDCM), a collaboration between NASA 
and the U.S. Geological Survey, will provide moderate-resolution (15 m–100 
m, depending on spectral frequency) measurements of the Earth’s terrestrial 
and polar regions in the visible, near-infrared, short wave infrared, and thermal 
infrared. LDCM will provide continuity with the 40-year long Landsat land 
imaging data set. In addition to widespread routine use for land use planning and 
monitoring on regional to local scales, support of disaster response and evalu-
ations, and water use monitoring, LDCM measurements directly serve NASA 
research in the focus areas of climate, carbon cycle, ecosystems, water cycle, 
biogeochemistry, and Earth surface/interior.

The LDCM satellite payload consists of two science instruments—the 
Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). These 
two sensors will provide seasonal coverage of the global landmass at a spatial 
resolution of 30 meters (visible, NIR, SWIR); 15 meters panchromatic and 100 
meters (thermal). The spectral coverage and radiometric performance (accuracy, 
dynamic range, and precision) are designed to detect and characterize multi-
decadal land cover change in concert with historic Landsat data. 

Coordinated calibration efforts of USGS and NASA will again be part of the 
LDCM calibration strategy. The LDCM scene size will be 185-km-cross-track-
by-180-km-along-track. The nominal spacecraft altitude will be 705 km. Carto-
graphic accuracy of 12 m or better (including compensation for terrain effects) is 
required of LDCM data products. 

LDCM includes evolutionary advances in technology and performance. The 
OLI provides two new spectral bands, one tailored especially for detecting cirrus 
clouds and the other for coastal zone observations, and the TIRS will collect 
data for two more narrow spectral bands in the thermal region formerly covered 
by one wide spectral band on Landsats 4–7. Additionally, LDCM is required to 
return 400 scenes per day to the USGS data archive (150 more than Landsat 7), 
increasing the probability of capturing cloud-free scenes for the global landmass.

LDCM is scheduled to launch in February 2013 and will be the eighth 
in the series of Landsat satellites. Since 1972, Landsat satellites have been 
observing and measuring Earth’s continental and coastal landscapes at a scale 
where human impacts and natural changes can be monitored, differentiated, and 
characterized over time. These data are archived, preserved and distributed by 
the Department of Interior U.S. Geological Survey (USGS) and constitute the 
longest continuous record of the global land surface as seen from space.

LDCM photo: Credit Orbital Science Corp.
http://ldcm.nasa.gov/images/archive/spacecraft/spc0003_hres.jpg

References:

Irons, J.R., J.L. Dwyer, and J.A. Barsi, The next Landsat satellite: The Landsat Data 
Continuity Mission, Remote Sensing of Environment (2011), 10.1016/j.rse.2011.08.026. 
http://dx.doi.org/10.1016/j.rse.2011.08.026

The Landsat Data Continuity Mission



27

Principal Investigator: Matthew Hansen, University 
of Maryland, College Park

Associated Authors:
Jiyul Chang and Kyle Pittma, South Dakota State 
University, Brookings, Mark Carrollb and Charlene 
DiMicelib, University of Maryland, College Park

Area estimation of croplands is a challenge, made 
difficult by the variety of cropping systems, includ-
ing crop types, management practices, and field 
sizes. The goal of this project is to work towards 
a standard method for estimating cultivated crop 
area at the global scale. A MODIS derived indicator 
mapping product (1) developed from 16-day MODIS 
composites is used to target crop type at national 
scales for the stratified sampling (2) of higher spatial 
resolution data to estimate cultivated area. A global 
prototype will be performed using soybean culti-
vated area as the study objective. 

Soybean is an important global commodity crop 
with a recent LCLUC dynamic. In addition, it has 
a relatively unambiguous spectral signature and is 
concentrated in a few major production countries. 
Nearly ninety percent of soybean production is 
found within 4 countries:  the United States, Argen-
tina, Brazil, and China. Supervised classification of 
soy cultivated area is performed for 40 km2 sample 

blocks using time-series Landsat imagery. This 
method, given appropriate data for area estima-
tion at the higher spatial resolution, represents 
an efficient and accurate approach for large area 
crop type estimation. 

Preliminary project results for the United 
States sample blocks have exhibited strong 
agreement with the National Agricultural Sta-
tistics Service’s (NASS’s) Cropland Data Layer 
(CDL). A confusion matrix showed a 91.56% 
agreement between the two products. Field 
measurements and RapidEye imagery have been 
collected for the USA, Brazil and Argentina in 
further assessing product accuracies. The results 
of this research will demonstrate the value of 
MODIS crop type indicator products and Landsat 
sample data in estimating soybean cultivated 
area at national scales, enabling an internally 
consistent global assessment of annual soybean 
production.

APPLICATIONS

Advancing methods for global crop area estimation

Publications: 

Chang J, Hansen M, Pittman K, Carroll M, 
DiMiceli C 2007 Corn and Soybean Map-
ping in the United States Using MODIS 
Time-Series Data Sets Agronomy Journal 99 
1654-64.

Corn field maps based on (a) 500-m MODIS and (b) 
NASS 2002 census (Chang et. al 2007)
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Primary Investigator: Christopher Justice (University or Maryland, College 
Park)
Co-Investigators: Eric F. Vermote (NASA Goddard Space Flight Center), 
Inbal Becker-Reshef (University or Maryland, College Park)
Researcher: Mark Brandon Sullivan (University or Maryland, College Park)

The goal of the project is to develop the capability for agricultural monitoring 
using VIIRS (Visible Infrared Imaging Spectro Radiometer Suite). The project 
will build on the experience gained in developing the NASA MODIS GLAM 
System (developed by USDA and NASA) and the MODIS science data stream. 
A major objective is to provide continuity with MODIS observations currently 
being used for agricultural monitoring. In the pre-launch and immediate post-
launch period focus has been on: a) developing the visualization and analysis 
tools for VIIRS based on the tools created for MODIS b)initial evaluation of 
the L1 data from VIIRS during the commissioning phase – in close cooperation 

Fig. 1. Some VIIRS First Light Images generated by this project

with the NPP Science Calibration Team and the land lead at NOAA STAR c)
download and evaluation of IDPS-generated products  d)initial preparation of 
surface reflectance data code for VIIRS building on the most recent MODIS 
surface reflectance product working with the NASA Land PEATE (Product 
Evaluation and Testing Element)  and proposed alterations to the IDPS Code. 
As one of the many outcomes of this activity, we show the first light image 
from VIIRS which was generated by downloading  and applying  a first level 
atmospheric correction to the data. VIIRS SDR (Sensor Data Record) data for 
band M3, M4 and M5 as well as geo-location data were downloaded from both 
GRAVITE (Government Resource for Algorithm Verification, Independent 
Testing, and Evaluation) and Land PEATE, they were processed to corrected 
reflectance and re-projected (see figure 1). All data acquired up to November 
28th were downloaded and processed globally and re-projected in the Climate 
Modeling Grid (at 0.05 deg) enabling quick evaluation (see figure 2 as an 
example).

Global Agricultural Monitoring: Transitioning NPP VIIRS Obserations into the USDA FAS Decision Support System

Fig. 2. VIIRS CMG product for 11/27/2011 (red circles show the location of the 
inter-calibration with MODIS Terra)
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Principal Investigator: David Roy, South Dakota State University

Associated authors: Lin Yan, Emma V. White, and G.M Amatulli (South Dakota 
State University) Tom Loveland (United States Geological Survey-Earth Resources 
Observation and Science Center), Andrea Baraldi (University of Maryland, College 
Park)

Agriculture is associated with some of the most significant human induced land 
cover land use (LCLU) changes. The size of agricultural fields, whether delimiting 
pastoral or arable land uses, is a fundamental description of rural landscapes and 
provides a lens on the drivers of rural LCLU change. To date, studies of the inci-
dence, drivers and impacts of changing field sizes have not been undertaken over 
large areas because consistently processed appropriate resolution data have not been 
available or affordable. This research leverages off the ongoing NASA funded Web 
Enabled Landsat Data (WELD) project that has demonstrated the potential of large 
volume systematic Landsat data processing to provide 30m time-series data sets of 
the conterminous United States (CONUS) and Alaska (http://weld.cr.usgs.gov/). 

The research will first develop and 
validate an automated computational 
methodology to extract agricultural field 
boundaries and derive field sizes from the 
WELD processed Landsat data, second 
generate CONUS field size data sets for 
three decadal periods: 1987, 1997 and 
2007, third characterize the spatio-temporal 
distribution of field sizes for the CONUS, 
and fourth address explanatory hypotheses 
concerned with CONUS field size evolu-
tion. We hypothesize that field sizes in the 
main agricultural regions of the CONUS 
have increased in the last twenty years, 
driven by factors including a greater 
specialization of agricultural land uses, 
farm consolidation, adoption of geneti-
cally modified crops and treatments, and 
increased mechanization. These changes 

Fig.1.  WELD weekly products (red, green, blue reflectance, 500 x 500 30m pixel subsets) for three dates in 2007, from left to right: week 
13 day 87 (Spring) , week 29 day 199 (Summer), week 38 day 263 (Autumn). The stripes are due to the Landsat 7 ETM+ SLC-off scan line 
corrector failure.

have been motivated by the need to boost yields and ensure profits, but increasing agricultural 
field size, and therefore homogenization of land uses, has significant ecological and biophysi-
cal effects. 

Current research has focused on development of an automated agricultural field object ex-
traction methodology using a Geographic Object Based Image Analysis (GEOBIA) approach. 
Commercial software can be used to extract fields from satellite data but are inappropriate for 
large area application because they require considerable human interaction. The automated 
GEOBIA methodology uses as input weekly 30m WELD products (reflectance and bright-
ness temperature) (Fig. 1) and the corresponding automatically classified spectral categories 
generated by the Satellite Image Automatic Mapper (SIAM™) (Fig. 2). Analysis of these data 
over long time periods enables the boundaries of fields to be extracted quite reliably, despite 
noise induced by the remote sensing process, cloud contamination, and within field spectral 
variability caused by variations in soil moisture, salinity, fertility and nutrient limitations, 
pesticide, herbicide and fertilizer treatment, pollution, pests and diseases, all compounded by 
temporal variability and spectral similarity between crops and non-crops as a function of their 
phenological stage, degree of soil background, and the time of satellite observation.

Changing Field Sizes of the Conterminous United States, a Decennial Landsat Assessment 

continued, page 30
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The results are being validated 
by comparison with high spa-
tial resolution images obtained 
from the National Geospatial-
Intelligence Agency (NGA) 
Commercial Archive and will 
be used to inform the algorithm 
development and to character-
ize the field object extraction 
performance. Future research, 
including the integration of 
geometric and texture proper-
ties to improve the robustness, 
accuracy and computational 
efficiency of the prototype 
methodology, is being devel-
oped, prior to continental scale 
application and characterization 
of the CONUS spatio-temporal 
distribution of field sizes.

These data (Figures 1 and 2) 
are processed using a GEOBIA 
approach to generate a per pixel 
agriculture probability map and 
an edge map which are then fused 
to isolate any connected segments 
belonging to multiple fields into 
coherent isolated field objects 
(Fig. 3).

Fig. 3.  Agriculture probability map, Edge map, Final Isolated Agricultural fields derived from 5 years of weekly data (Figures 1 
and 2 show a temporal subset of 3 input weeks).

Fig. 2.  SIAM™ spectral categories (primarily cloud, soil, and vegetation categories) extracted from the Figure 1 WELD data.
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Author: Giovana Espindola and 
Camille Nolasco (Global Land Project)

The Global Land Project (GLP) is a joint core Project of 
both the International Geosphere-Biosphere Programme 
(IGBP) and the International Human Dimensions 
Programme on Global Environmental Change (IHDP). 
The GLP was built on the research of more than a 
decade within IGBP and IHDP core projects, especially 
GCTE (Global Chance and Terrestrial Ecosystems) and 
LUCC (Land-Use and Cover Change), along with other 
projects sponsored by the international global change 
programmes. This legacy provides the opportunity to 
study the coupled human-environment system in ways 
not possible in the past. GLP seeks to merge these 
existing research communities, and to attract other 
researchers from the social and natural sciences and the 
humanities.

The GLP goal is part of broader efforts to understand 
changes in the interaction between people and their 
environments, and the ways these have affected, and 
may yet affect, the sustainability of the Earth System. 
Changes in coupled human-environmental systems 
affect the cycling of energy, water, elements and biota at 
the global level and the global-level changes in political 
economy, such as international treaties and market lib-
eralization, affect decisions about resources at local and 
regional levels. In this sense, GLP pursuits three objec-
tives: i) To identify the agents, structures and nature 
of change in coupled socio-environmental systems on 
land and quantify their effects on the coupled system; 

that will be held in Humboldt University, Berlin on 19th 
– 21st March 2014. To join the network, or for more 
information about the project and how to be endorsed, 
please visit us at: www.globallandproject.org or sub-
scribe to glp@inpe.br

ii) To assess how the provision of ecosystem services 
is affected by these changes; and iii) To identify the 
character and dynamics of vulnerable and sustainable 
coupled socio-environmental land systems to interacting 
perturbations, including climate change. Resulting in 3 
main themes for research: ‘Dynamics of land-systems’, 
‘Consequences of land-system changes’, and ‘Integrat-
ing analysis and modeling for land sustainability’.

The GLP science plan was published in 2005, and the 
project became operational with the establishment of the 
GLP International Project Office (IPO) in Copenhagen 
at the end of 2006. The IPO was fully funded by the 
University of Copenhagen from 
September 2006 to the end of 
2011. Since 1st January 2012, 
the IPO is funded and hosted by 
the Brazilian National Institute 
for Space Research (INPE), 
located in São José dos Campos 
- SP - Brazil. The IPO is the 
physical structure that supports 
the project activities developed 
by the Scientific Steering Com-
mittee, formed by significant 
names in land use and change 
research science from different 
nationalities. GLP also has 
two nodal thematic offices, in 
Sapporo, Japan and in Beijing, 
China. The project is preparing 
its 2nd Open Science Meeting 

COLLABORATIONS

The Global Land Project (GLP)
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Authors: Alexey G. Terekhov (Kazakh Research institute of Ecology and 
Climate, Kazakhstan)

The Central Asian Regional Information Network (CARIN) was established as part of 
NERIN in 2009 at the Joint NASA LCLUC Science Team Meeting and GOFC-GOLD/
NERIN, NEESPI, MAIRS Workshop. CARIN includes five countries: Kazakhstan, 
Uzbekistan, Turkmenistan, Kyrgyzstan and Mongolia. In 2010, with help from GOFC-
GOLD/START Regional Data Initiative Workshop and USGS EROS center the archive of 
satellite data was formed. The KZ-archive includes more than 14,000 LANDSAT images. 
Multiple satellite imagery covering of Kazakhstan territory in period 1972-2010 allowed 
research to assess land cover land use change. The mapping of the water bodies, summer 
mountain snow, cropland, semi desert fire scars, and forest windfall were conducted at that 
time. Estimation of river drain potential, degradation of woody semi desert vegetation, dry 
zone humidity, land use change, forest damage was conducted. Simple relationships could 
be found between the phenomenon and weather condition, climate change and socio-
economic factors. Some results are presented in figure 1.

Figure 1. Examples of Landsat data application: A - Monitoring 
of temporary mountain snow fields (season minimum) during 
1998-2011 years; B – Satellite estimation of degradation woody 
semi desert vegetation in Kazakhstan under climate change; C – 
Land cover land use change under socio-ecnomic development 
and longtime weather conditions.

Northern Eurasia Earth Science Partnership Initiative (NEESPI), 
Central Asian Regional Information Network (CARIN)
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LCLUC EDUCATION COMPONENT 

The LCLUC Program is strengthened by the NASA Educational Program through its 
New Investigators Program (NIP) and the NASA Earth and Space Science Fellowship 
(NESSF) (formerly the NASA Earth System Science Fellowship Program). The NIP 
in Earth Science was established in 1996 to encourage the integration of Earth system 
science research and education by scientists and engineers at the early stage of their 
professional careers. The program, designed for investigators in Earth system science 
and applications at academic institutions and non-profit organizations, emphasizes the 
early development of professional careers of these individuals as both researchers and 
educators. A number of new investigators have been supported in the area of land-
cover and land-use change research.

The NESSF was started in 1990. The purpose of the program is to ensure con-
tinued training of interdisciplinary scientists to support the study of the Earth as a 
system. Over 700 Ph.D. and M.Sc. fellowships have been awarded since the inception 
of the program. The graduates from these fellowships constitute a growing network 
of scholars endeavored to promote Earth system science. In recent years a number 
of PhD and Graduate Fellowships have been awarded in the area of Land-Cover and 
Land-Use research.

In addition to the above programs, the LCLUC Program is further strengthened 
by the NASA/NSF GLOBE Program, a worldwide hands-on, primary and second-
ary school-based education and science program. Landsat’s Education and Public 
Outreach Program has also spawned many educational resources for students and 
teachers with formal, informal and tutorial guidance with Landsat data and satellite 
information.

Recent NESSF LCLUC related awards: 2012

Liu, Zhao - University of California, Irvine. An Explicit Representation of River Net-
works in a Catchment-Based Land Surface Model Framework for SWOT Assimilation
Marvin, David - University of Michigan. Are Tropical Lianas Increasing in Abun-
dance? An Integrated Satellite-Aerial-Ground Approach for Liana Detection at the 
Landscape Scale

NASA Earth Space Science Fellowship (NESSF)

Poster session at  Science Team Meeting, Spring 2012continued, page 34
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Rabin, Sam - Princeton University. Understanding Land Use and Fire at a Global 
Scale
Reyes, Ramirez Carlos - University of Wisconsin-Madison Monitoring Deforestation 
to Evaluate Mexico’s Payments for Ecosystem Services and Assess Land Use Change 
Effects on Jaguar Habitat
Schmid, Paul - Purdue University. Investigating the Impacts of Land-Surface 
Heterogeneity and Urban Aerosols on Thunderstorms Using Numerical Models and 
Multiplatform Satellite Observations
Song , Xiaopeng - University of Maryland. An integrated Assessment of Deforesta-
tion on Terrestrial Carbon Storage and Value of Ecosystem Services
Tang , Hao - University of Maryland. Determining Tropical Rain Forest Successional 
States Using Vertical Leaf Area Index (LAI) Profiles from Lidar Remote Sensing
Wolde, Michael - Tennessee Technological University .Understanding Atmospheric 
Rivers, Terrain and Anthropogenic Land Cover Changes on Storm Modification 
Around Large Dams Using Multi-Sensor Satellite Data, Cloud Tracking and Numeri-
cal Modeling

2011
Barman, Rahul - University of Illinois. Investigating Biogeophysical - Biogeochemi-
cal Interactions in the Northern High- Latitudes Using A Land Surface Model Integrat-
ing Recent Advances In Terrestrial Modeling, and Land Use Change
DeVisser, Mark H - Michigan State University. Land Cover Change and Disease 
Ecology: The Unintended Impacts of Prosopis Juliflora in Kenya
Hull, Vanessa - Michigan State University. Spatio-Temporal Dynamics of Animal 
Habitat Selection Across A Coupled Human and Natural System
Meigs, Garrett W - Oregon State University. Mapping Disturbance Interactions from 
Earth and Space: Insect Effects On Fuels and Wildfires Across Forests of The Pacific 
Northwest
Whitcraft, Alyssa Kathleen - University of Maryland. Developing an Image Acquisi-
tion Strategy for Global Agricultural Monitoring

New Investigator Program (NIP) 
The New Investigator Program (NIP) in Earth Science was established in 1996 
to encourage the integration of Earth system science research and education 
by scientists and engineers at the early stage of their professional careers. The 

program, designed for investigators in Earth system science and applications at 
academic institutions and non-profit organizations, emphasizes the early devel-
opment of professional careers of these individuals as both researchers and 
educators. Particular emphasis is placed on the investigators’ ability to promote 
and increase the use of Earth remote sensing through the proposed research 
and education projects. The NIP proposals are openly solicited approximately 
every eighteen months. The awards, to be provided in the form of “education 
grants,” range between $80,000-$120,000 per year for a period of up to three 
years, subject to satisfactory progress and availability of funds.

NIP Point of Contact: 
Dr. Ming-Ying Wei, NASA HQ, Email: ming-ying.wei@hq.nasa.gov

Recent NIP LCLUC-related awards: 2011

Falkowski, Michael - Michigan Technological University. Enhancing Tools 
and Geospatial Data to Support Operational Forest Management
and Regional Forest Planning in the Face of Climate Change
Kirschbaum, Dalia - Goddard Space Flight Center. Using Remotely Sensed 
Data to Bridge Empirical and Physical Approaches for Landslide Monitoring 
and Early Warning

2010
Barber, Christopher - South Dakota State University. Applied Remote Sensing For 
Conservation Monitoring
Fagan, Matthew - Columbia University. Growing Up Fragmented: Using Hyperspec-
tral Imagery to Improve Estimates of Ecosystem Services from Tropical Reforestation
Gray, Joshua M - The University of North Carolina at Chapel Hill. Hydrologic 
Response of Forested Catchments to Climate and Land Cover/Land-Use Changes
Pflugmacher, Dirk - USDA Forest Service. Using Landsat-Derived Disturbance and 
Succession History to Extend Lidar Estimates of Forest Biomass
Tucker, Colin L - University of Wyoming. Wintertime Plant, Soil, and Ecosystem 
Carbon Cycling: Scaling Plot-Level Mechanisms to Landscape Level Patterns
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Land-use and land-cover change continues to be a central, interdisciplinary theme of global 
change research. The LCLUC research agenda is expanding from understanding how changes 
in land cover contribute to environmental and climate change and the drivers of land use change 
to how land can be used to mitigate climate change and how land use is changing in response to 
a warming world. Climate variability and extreme events are already resulting in land managers 
adapting how they use the land. Major forces of globalization and economic development are 
also contributing to land-use change. While world population grows, an increasingly urbanized 
society and changing diets are leading to an increased demand for food production through 
extensification and intensification of agricultural practices. Research on agricultural land-use 
change will require increased attention in the coming decade, for example in terms of the extent 
of irrigation and competition for water resources, the trade-off between agriculture for food or 
energy, the loss of agricultural land by urban expansion and the abandonment of agricultural 
land in depopulated, rural areas. Land-cover and land-use research also continues to be needed 
in the context of carbon management and accounting, developing effective monitoring reporting 
and verification systems which integrate satellite and in-situ measurements, for example in the 
context of the UN Program to reduce the emissions from deforestation and degradation (REDD).

NASA continues to play an important role for the broader global change research communi-
ty through its provision of science-quality global data sets. Underpinning and enabling land-use 
science is the long-term record of satellite observations used to locate, quantify and characterize 
the rates of land-cover change. The more than a decade of EOS data and the recent opening of 
the USGS archive of 40-year long Landsat data for free, web-enabled download are creating new 
opportunities for large volume, time-series analysis of land-cover change. The continuity of MO-
DIS data with the Suomi NPP VIIRS Mission and the partnership between NASA and the USGS 
on the upcoming Landsat Data Continuity Mission (LDCM) will extend these records. Emphasis 
in the LCLUC Program is broadening beyond land-cover mapping and detection of forest-cover 
change to the development of new data sets on urban change, industrial forests, cropland extent 
and land-use characterization. Also, more research into characterization and development of new 
data sets will be required in less studied, more complex areas, like mountains and coastal zones, 
as well as Arctic areas. This is being helped by the recent availability of fine spatial resolution 
data to NASA science investigators. The opportunity for increased temporal frequency of moder-
ate resolution data for agricultural land-use monitoring, afforded by the concurrent LDCM and 
the European Sentinel-2 Mission is also being explored. NASA LCLUC will continue to show 
leadership in the development of land-cover and land-use related data sets and provide outreach 
to the international science community, for example through programs such as GOFC-GOLD 
and its regional science networks and GEO and with the GLP to further the associated scientific 
research. 

Improved understanding of how people use the land and why land use changes, necessitates 
a human dimension to the research and an integration of both physical and social science. 

Scientific understanding of the projected impacts of land-use change or 
pathways for adaptation can provide useful information to land and re-
source managers at the national, state and local level. The research agenda 
requires a better understanding of the causes of land-use change and how 
land-use decisions are made. Understanding general principles from these 
processes provides the means for improving predictive models of land-use 
change and representing land use in integrative assessment modeling and 
scenario development. Synthesis of the increasing number of regional 
and local case studies aimed at developing and testing new concepts and 
theories will continue to be an important part of our program. Studying the 
impacts of land-use change plays directly into the broader research agenda 
of sustainability science, for example by understanding the vulnerability or 
resilience of land-use systems. 

Referance:
Gutman, G., Justice, C., and King L., 2012. The NASA Land-Cover and 
Land-Use Change Program: Research Agenda and Progress (2005–2011), 
In Giri C. (Eds), Remote Sensing of Land Use and Land Cover. Taylor and 
Francis/CRC Press,  USA, 377-394.

LCLUC team and regional scientists field excursion Tartu, Estonia

FUTURE DIRECTIONS FOR THE  PROGRAM 
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Becker-Reshef, Inbal. Univerity of Maryland, College Park. Food, Price and 
Conflict: Earth Observations-Based Agricultural Production Forecasting to Assess 
Potential Impacts on Grain Markets and Civil Unrest
Bergen, Kathleen. University of Michigan. LCLUC Synthesis: Forested Land Cover 
and Land Use Change in the Far East of Northern Eurasia Under the Combined 
Drivers of Climate and Socio-Economic Transformation
Bounoua, Lahouari. NASA Goddard Space Flight Center. A Satellite Supported 
Inverse Biophysical Modeling Approach for the Detection of Irrigated Agricultural 
Land and the Determination of the Amount of Irrigation in Arid and Semi-Arid 
Regions
Bounoua, Lahouari. Combining Satellite Data and Models to Assess the Impacts of 
Urbanization on the Continental United States Surface Climate Combining satellite 
data and models to assess the impacts of urbanization on the continental United States 
surface climate
Brown de Colstoun, Eric. NASA Goddard Space Flight Center. Using Landsat 
Global Land Survey Data to Measure and Monitor Worldwide Urbanization
Brown, Daniel. University of Michigan. Grassland Ecosystems and Societal Adapta-
tions Under Changing Grazing Intensity and Climate on the Mongolian Plateau
Chander, Gyanesh. Earth Resources Observation and Science (EROS) Center. Cross-
calibration of current Landsat sensors with foreign Landsat-class sensors for long-term 
monitoring of land surface processes
Chen, Jiquan. University of Toledo. Interactive Changes of Ecosystems and Societies 
on the Mongolian Plateau:  From Coupled Regulations of Land Use and Changing 
Climate to Adaptation
Cobourn, Kelly. Boise State University. Water Institutions and Agricultural Land-Use 
Change Across the Western U.S.
Coe, Michael. Woods Hole Research Center. Linking Historical and Future Land-Use 
Change to the Economic Drivers and Biophysical Limitations of Agricultural Expan-
sion in the Brazilian Cerrado
Conard, Susan. USDA Forest Service. The Influence of Changing Forestry Practices 
on the Effects of Wildfire and on Interactions Between Fire and Changing Climate in 
Central Siberia
Curran, Lisa. Stanford University. Socio-economic and Political Drivers of Oil Palm 
Expansion in Indonesia: Effects on Rural Livelihoods, Carbon Emissions and REDD
De Beurs, Kirsten. University of Oklahoma. Land Abandonment in Russia: 
Understanding Recent Trends and Assessing Future Vulnerability and Adaptation to 
Changing Climate and Population Dynamics

DeFries, Ruth. Columbia University. Multi-sensor Fusion to Determine Climate 
Sensitivity of Agricultural Intensification in South Asia
Fan, Peilei. Michigan State University. China’s urbanization and its sustainability 
under future climate change
Friedl, Mark. Boston University. 4-D Modeling of the Regional Carbon Cycle in 
and Around Urban Environments: An Interdisciplinary Study to Advance Observa-
tional and Modeling Foundations
Galford, Gillian. University of Vermont. Environmental and Socioeconomic 
Outcomes of the New African Green Revolution
Giri, Chandra. US Geological Survey, Earth Resources Observation and Science 
(EROS) . Tropical Mangrove Mapping
Goetz, Scott. Woods Hole Research Center. Modeling Strategies for Adaptation to 
Coupled Climate and Land Use Change in the United States
Grace, Kathryn. University of Utah. Examining the Links Between Agriculture and 
Human Health in a Context of Climate Change: A Case Study of Three West African 
Countries - Niger, Burkina
Hansen, Matthew. University of Maryland, College Park. Advancing Methods for 
Global Crop Area Estimation
Henebry, Geoffrey. Storms, Forms, and Complexity of the Urban Canopy: How 
Land Use, Settlement Patterns, and the Shapes of Cities Influence Severe Weather 
Storms, Forms, and Complexity of the Urban Canopy: How Land Use, Settlement 
Patterns, and the Shapes of Cities Influence Severe Weather
Hess, Laura. University of California, Santa Barbara. Land and Resource Use on 
the Amazon Floodplain Under Evolving Management Systems and Environmental 
Change: Fish, Forests, Cattle, and Settlements
Julian, Jason. University of Oklahoma. Land Management Impacts on Water 
Quality in New Zealand Across Political Boundaries
Justice, Chris. Univerity of Maryland, College Park. Sentinel-3 Science Products: A 
US Contribution
Laboda, Tatiana. Univerity of Maryland, College Park. Social Drivers of Land 
Cover Change Around African Transboundary Peace Parks
Leisz, Stephen. Colorado State University. Increased Accessibility, Landscape 
Changes, Rural Transformations, and Urbanization: Impacts of the East-West 
Economic Corridor from Da Nang, Vietnam, to Khon Kaen, Thailand
Lettenmaier, Dennis. University of Washington. Assimilation of Tower and 
Satellite-Based Methane Observations for Improved Estimation of Methane Fluxes 
Over Northern Eurasia
Liang, Shunlin. Univerity of Maryland, College Park. Accessing Chinese satellite 
data products for land applications

CURRENT PROJECTS
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Liu, Jianguo. Michigan State University . Interactive Effects of Conservation and 
Development Policies on Land Cover and Panda Habitat in the Sichuan Giant Panda 
Sanctuary (China)
Liu, Shuguang. EROS Data Center. Impact of Rapid Land-Use Change in the 
Northern Great Plains: Integrated Modeling of Land-Use Patterns, Biophysical 
Responses, Sustainability, and Economic and Environmental Consequences
McCarty, Jessica. Michigan Technological University. The Role of Environmental, 
Socioeconomic, Institutional, and Land-Cover/LandUse Change Factors to Explain 
the Pattern and Causal Drivers of Anthropogenic Fires in Post-Soviet Eastern Europe
McDonald, Kyle. NASA Jet Propulsion Laboratory. Synthesis and Integration of 
Recent Research Characterizing the Carbon Cycle of Northern Eurasia
Milesi, Cristina. NASA Ames Research Center. Mapping of Urban Expansion Using 
Multi-Decadal Landsat and Nightlights Data Over North America
Mustard, John. Brown University. Rates and Drivers of Land Use Land Cover 
Change in the Agricultural Frontier of Mato Grosso, Brazil
Myint, Soe. Understanding Impacts of Desert Urbanization on Climate and 
Surrounding Environments to Foster Sustainable Cities Using Remote Sensing and 
Numerical Modeling
Ozdogan, Mutlu. University of Wisconsin, Madison. Investigating the Relationship 
Between Land Use/Land Cover Change, Hydrologic Cycle, and Climate in Semi-Arid 
Central Asia
Pagnutti, Mary. NASA Stennis Space Center. Comparison of the Advanced Wide 
Field Sensor to Landsat for Supplying General Land Cover Land Use Change Detec-
tion Products Needed for NASA LCLUC Program Science
Radeloff, Volker. University of Wisconsin, Madison. 200 Years of Land Use and 
Land Cover Changes and their Driving Forces in the Carpathian Basin in Central 
Europe
Radeloff, Volker.  Synthesis of studies on institutional change and LCLUC effects on 
carbon, biodiversity, and agriculture after the collapse of the Soviet Union
Rawlins, Michael.  Synthesis and Integration of Recent Research Characterizing the 
Carbon Cycle of Northern Eurasia 
Roy, David. South Dakota State University. Changing Field Sizes of the Contermi-
nous United States, a Decennial Landsat Assessment
Saatchi, Sasan. California Institute of Technology. Assessment of Impacts of Land 
Cover and Land Use Change on Water and Energy Cycle in Caspian Sea Drainage 
Basin
Seto, Karen. Yale University. Multi-Scale and Multi-Sensor Analysis of Urban 
Cluster Development and Agricultural Land Loss in China and India
Shugart, Herman. University of Virginia. Synthesis of forest growth, response to 

wildfires and carbon storage for Russian forests using a distributed, individual-
based forest model
Skole, David. Michigan State University . Enhancing Global Scale Observations 
and Information on Tropical Forest Change using Landsat Global Data Remote 
Sensing
Slayback, Daniel. NASA Goddard Space Flight Center. The Impact of Disap-
pearing Tropical Andean Glaciers on Pastoral Agriculture
Simard, Mark. NASA Jet Propulsion Laboratory. Vulnerability assessment of 
mangrove forests in the Americas
Son, Nghiem. Mega Urban Changes and Impacts in the Decade of the 2000s
Stow, Douglas. The Urban Transition in Ghana and Its Relation to Land Cover 
and Land Use Change Through Analysis of Multi-Scale and Multi-Temporal 
Satellite Image Data
Townshend, John. University of Maryland, College Park. Mapping Three 
Decades of Global Forest Cover Change using the Global Land Survey Landsat 
Datasets 
Vorosmarty, Charles. University of New Hampshire. Global-Scale Assessment 
of Threatened River Delta Systems: Evaluation of Connections Between the 
Continental Land Mass and Ocean Through Integrated Remote Sensing and 
Process Modeling
Wendland,  Kelly. University of Idaho. Land tenure, property rights, and land 
cover and land use change at transboundary sites in the Mesoamerican Biological 
Corridor 
Woodcock, Curtis E. Boston University. Accuracy Assessment of Global Land 
Cover Products
Woodcock, Curtis E. Boston University. .Enhancing Compatibility of Sentinel 2 
and Landsat products for improved monitoring of the Earth System
Xiao, Xiangming. University of Oklahoma. Developing land cover classification 
products in monsoon Asia over the period of 2004-2007 through integration of 
Landsat and multi-temporal ALOS/PALAR imagery
Yeo, In-Young. University of Maryland, College Park. . Mapping and Moni-
toring of Wetland Dynamics for Improved Resilience and Delivery of Ecosystem 
Services in the Mid-Atlantic Region
Yu, Mei. University of Puerto Rico. Vulnerability and Adaptive Management of 
Tropical Coastal Wetlands
Zhou, Yuyu. Joint Global Change Research Institute. Understanding and Simu-
lating Global Urban Expansion in the Context of Climate Change
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Recent LCLUC meetings

Tartu, Estonia. August 2010

Hanoi, Vietnam. November, 2011

Rockville, Maryland. April 2012

Training Workshop, Hanoi, Vietnam. November, 2011



Recent LCLUC meetings

Tartu, Estonia. August 2010

Alexandra, Virginia. October 2011

Khon Kaen, Thailand. 2009

Bethesda, Maryland, 2010



The LCLUC Website
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